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$\frac{\partial}{\partial t}u+(u\cdot\nabla)u$ $\frac{\partial}{\partial t}\tilde{u}+(\tilde{U}\cdot\nabla)\tilde{U}$
$m \frac{du_{0}}{dt}=f$
$=- \frac{1}{\rho}\nabla p+\nu_{0}\nabla^{2}u$ $=- \frac{1}{\overline{\rho}}\nabla P+\nu_{t}\nabla^{2}\tilde{u}$
$u_{0}arrow v_{0}(u_{0})$ $uarrow\nu_{t}(u)$
$P_{B}(u_{0})=B \exp[-\frac{m\sum_{1=1}^{n}U_{0j}^{2}}{2k_{B}T}]$ $P(u)= \mathcal{A}\exp[-\frac{m\sum_{j=1}^{N}u_{l}^{2}}{2k\theta}]$
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1 . ,
$P_{B}$ , $u_{0}$ ,
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$P_{B}(U_{0})=B \exp[-\frac{m\sum_{j=1}^{n}U_{0i}^{2}}{2k_{B}T}]$ (1)












, (2) . , Gas-Tu ulence
Analogy( - )
, 2 . , LES
3 , - .
, . 4
2. LES
, . . , ( ),
, . (LES) ,
[3,41
, .
$\frac{\partial_{U}}{\partial t}+\frac{\partial J_{1}}{\partial x_{1}}+\frac{\partial f_{2}}{\partial x_{2}}+\frac{\partial f_{3}}{\partial x_{3}}=0$ (3)
.
$u=\{\begin{array}{l}\rho\rho U_{1}\rho u_{2}\rho U_{3}\rho e\end{array}\}$ (4)
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$\rho$ , $\rho U_{1^{\iota}}$ $\rho u_{2}$ . $\rho u_{3}$ , $\rho e$ , . 1 , 2 . 3
. . $\rho e$ ,
$\rho e=\rho c_{V}T+\frac{1}{2}\rho(U_{1}^{2}+U_{2}^{2}+U_{3}^{2})$ (5)
$f_{1^{*}}$ $f_{2}$ . ’ ,
$r_{i}=\{\begin{array}{l}\rho u_{i}\rho u_{j}u_{1}+p\delta_{r1}-2\mu A_{\prime 1}\rho u_{i}u_{2}+p\delta_{j2}-2\mu \mathcal{A}_{i2}(\rho e+p)u_{i}-2\mu u_{j}A_{ij}-\lambda\frac{\partial T}{\partial x_{j}}\rho u_{j}u_{3}+p\delta_{i3}-2\mu A_{r3}\end{array}\}$ (6)
,
$\lambda=\rho c_{p}\kappa$ (7)
, , $\kappa$ . $A_{jj}$ ,
$\mathcal{A}_{ij}=\frac{1}{2}[\frac{\partial u_{j}}{\partial x_{i}}+\frac{\partial u_{j}}{\partial x_{j}}-\frac{2}{3}(\overline{\nabla}\cdot\tilde{u})\delta_{lj}]$ (8)








$\frac{\partial U}{\partial t}+\frac{\partial F_{1}}{\partial x_{1}}+\frac{\partial F_{2}}{\partial x_{2}}+\frac{\partial F_{3}}{\partial x_{3}}=0$ (11)
.
$U=\{\begin{array}{l}\frac{\overline{\rho}}{\rho u}1\frac{\rho\overline\tilde{u}_{2}\rho\frac\tilde{u}_{3}}{\rho e}\end{array}\}$ (12)
, $\overline{\emptyset}$ ,
$\overline{\phi}\equiv\int Ir_{1}G(\overline{r}-\tilde{r_{1}})\phi(\vec{r_{1}}, t)$ (13)
. $\tilde{\phi}$ ,
$\tilde{\phi}\equiv\overline{\frac{\rho\phi}{\overline{\rho}}}$ (14)








$\Gamma_{ij}=-\rho u_{i}u_{j}+\overline{\rho}\tilde{U}_{i}\tilde{U}_{j}$ , (18)
$\tau_{ij}=\Gamma_{ij}-\frac{1}{3}\Gamma_{ll}\delta_{ij}$ , (19)
,
$Q_{i}=-\overline{(\rho e+p)u_{i}}+(\overline{\rho e}+\varpi)\tilde{u}_{j}$ (20)
, $\nu_{t}$ $Pr_{t}$ .
$\tau_{ij}\cong\overline{\rho}\nu_{t}\tilde{\mathcal{A}}_{Jj}$ , (21)
,
$Q_{i} \cong\overline{\rho}c_{p}\frac{\nu_{t}\partial\theta}{Pr_{t}\partial x_{j}}$ (22)




$Pr_{t}$ , $\kappa_{t}$ ,
$Pr_{t}=\frac{\nu_{t}}{\kappa_{t}}$ (25)
(24) , $\overline{\mu}+\overline{\rho}\nu_{r}$ $\overline{\lambda}+\overline{\rho}c_{p}\frac{V_{t}}{Pr_{t}}$ . $\mu_{t}$ $\lambda_{t}$ .
(11) (3) . (24) ,
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$F_{j}=\{\begin{array}{l}\overline{\rho}\tilde{U}_{j}\overline{\rho}\tilde{U}_{i}\tilde{U}_{1}+\varpi\delta_{11}-2\mu_{I}\tilde{A}_{r1}(\rho^{\frac{\rho\overline}{\rho}}\overline{e}+^{\tilde{U}_{i}\tilde{U}_{3}+\varpi\delta_{j3}-2\mu_{t}\tilde{\mathcal{A}}_{i3}}\varpi)\tilde{u}_{i}-2\overline{\mu}\tilde{\mathcal{A}}_{ji}\tilde{u}_{j}-\lambda_{t}\frac{\partial\theta}{\partial x_{j}}\tilde{U}_{j}\tilde{U}_{2}+\varpi\delta_{j2}-2\mu_{t}\tilde{A}_{j2}\end{array}\}$ (26)
, (6) , . $\mu_{t}$ $\lambda_{t}$



















$=A_{B} \exp[-\frac{\sum_{j=1}^{n}p_{0i}^{2}}{2mk_{B}T}]$ $= \mathcal{A}\exp[-\frac{\sum_{i=1}^{N}p_{i}^{\prime 2}}{2mk\theta}]$
$(p_{0}=mu_{0})$ $(p’=mu’)$













Fermi Bose . . .











$P_{X}$ . $P_{y}$ , $P_{z}$ $\mathcal{E}$ ,
$\epsilon=\frac{1}{2m}(P_{X}^{2}+P_{y}^{2}+P_{z}^{2})$ (33)
. $P$ $P_{X}+dP_{X}$ ’ $P_{y}$ $P_{y}+dP_{y}$ . $P_{z}P_{z}+dP_{z}$ . $V$
, , .
$\frac{V}{h^{3}}dP_{\chi}dP_{y}dP_{z}$ (34)





, $\mu$ , (32) ,






$\varpi=-(\frac{\partial F}{\partial V})_{\theta}$ , (38)
$F=-k\theta\ln Z$ . (39)
.




$D_{t}$ , ( ) $\nu_{t}$ , $\lambda_{t}$ ,
$\alpha$ . $\alpha$ ,
$\alpha=\lim^{\underline{1}}\lim<[G_{t}^{(a)}-G_{0}^{(a)}]^{2}>$ (42)
$tarrow oe2t^{1^{\gamma_{arrow\infty}}}$
, , 3 $[7]_{\text{ }}$
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3$\frac{\partial\rho}{\partial t}=D\frac{\partial^{2}\rho}{\partial x^{2}}$ $\frac{\partial\overline{\rho}}{\partial t}=D_{t}\frac{\partial^{2}\overline{\rho}}{\partial l}$
$G_{t}^{(D)}=x_{i}(t)$ $G_{t}^{(D_{1})}=x_{i}(t)$
$= \int df’u_{0i}(t’)+x_{i}(0)$ $= \int dl(u_{i}(t’)-\tilde{u}_{j}(t’))+\chi_{i}(0)$
$\frac{\partial U_{y}}{\partial t}=\nu\frac{\partial^{2_{U_{y}}}}{\partial x^{2}}$ $\frac{\partial\tilde{u}_{y}}{\partial t}=\nu_{t}\frac{\partial^{2_{\tilde{U}_{y}}}}{\partial x^{2}}$
$G_{t}^{(\nu)}$
$G_{t}^{(\nu_{t})}$
$= \frac{1}{\sqrt{V_{k}k_{B}T}}\sum_{i=1}^{n}x_{i}p_{iy}$ $= \frac{1}{\sqrt{Vk\theta}}\sum_{j=1}^{N}x_{i}P_{1y}$
$\frac{\partial}{\partial t}\rho e=\frac{\lambda}{cc_{V}}\frac{\partial^{2}}{\partial x^{2}}\rho e$ $\frac{\partial}{\partial t}\overline{\rho e}=\frac{\lambda_{t}}{CC_{V}}\frac{\partial^{2}}{\partial x^{2}}\overline{\rho e}$
$= \lambda\frac{\partial^{2}}{\partial x^{2}}T$ $= \lambda_{t}\frac{\partial^{2}}{\partial x^{2}}\theta$
$G_{t}^{(\lambda)}$ $G_{t}^{(\lambda_{t})}$
$= \frac{1}{\sqrt{V_{k}k_{B}T^{2}}}\sum_{i=1}^{n}x_{i}(\rho_{i}e_{i}$ $= \frac{1}{\sqrt{Vk\theta^{2}}}\sum_{1=1}^{N}x_{i}(\overline{\rho}_{i}\tilde{e}_{i}$
$-<\rho_{i}e_{j}>)$ $-<\overline{\rho}_{i}\tilde{e}_{i}>)$
, ( ) $\nu_{t}$ , (42) $[9,10]_{\text{ }}$ ( )
$\nu_{t}$ . ,




$\tilde{u}_{y}(x, t|\chi_{0}’, P_{y0})=\frac{1}{Z,}\exp[-\frac{(\chi-\chi_{0}’)^{2}}{4\nu_{t}t}]$ (44)
. $P_{y}(\vec{r}, t)$ . ,
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$f^{(1,0)}(x,$ $f \partial=\mathcal{A}\exp[-\frac{P^{2}}{2mk\theta}]$ (45)
, .
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